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(57) Abstract: A heat resisting cast iron containing graphite for use in exhaust system parts used at temperatures exceeding 800 C, 
which heat resisting cast iron comprises, on weight basis, 3.5 to 5.6% of Si and 1.2 to 15% of W, having an interlayer with W and 
Si concentrated therein on boundaries of graphite and the base structure. Exhaust system parts comprised of this heat resisting cast 
iron have an A C i transformation point, as measured while raising temperature from 30°C at a rate of 3°C/min, of 840°C or higher 
and exhibit a thermal crack life of 780 cycles or more at a thermal fatigue test in which heating and cooling are performed under 
such conditions that the upper limit temperature is 840°C, the temperature amplitude 690°C and the constraint ratio 0.25. 
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4:i 


HJSM55 




36 


5~20 


o 


o 


14.6 


4.2 


H*£#J56 




45 


5~20 


o 


o 


13.6 


4.0 






63 


5~20 


o 


o 


15.0 


4.2 




** 


71 


5~20 


o 


o 


13.8 


3.9 






64 


5~20 


o 


o 


15.2 


4.2 






32 


5~20 


o 


o 


16.0 


4.1 


Hi£0>J6i 




22 


5~20 


o 


o 


14.4 


4.0 






24 


5~20 


o 


o 


13.8 


4.1 


2US0J63 




25 


5~20 


o 


o 


14.3 


4.2 






27 , 


5~20 


o 


o 


13.6 


4.0 






28 


5~20 


o 


o 


13.5 


3.9 






26 


5~20 


o 


o 


14.0 


3.8 






20 


5~20 


o 


o 


14.9 


4.2 






81 


10~35 


o 


o 


16.7 


4.4 






82 


10~35 


o 


o 


16.0 


4.4 






31 


10~30 


o 


o 


15.9 


4.0 


nwmi 




42 


10~35 


o 


o 


16.3 


4.3 






44 


10~35 


o 


o 


16.8 


4.2 


^JS0»J73 




32 


10~30 


o 


o 


16.0 


4.1 


mmm74 




25 


10~35 


o 


o * 


16.4 


4.3 



[0125] [^4] 
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^-cotl^(%) (,) 


(I/mm 2 ) 


(%) 




66 


4.75 x 10* 


2.10 




100 


5.17 x 10* 


2.63 




100 


6.08 x 10* 


4.10 




100 


5.22 x 10* 


2.7 


tffim 


100 


6.35 x 10* 


3.9 




100 


5.33 x 10* 


2.34 


mmm7 


100 


6.40 x 10 5 


4.22 


mmms 


100 


7.84 x 10 B 


6.7 




100 


3.46 x 10* 


3.26 




100 


6.74 x 10* 


5.6 


mmmn 


100 


6.27 x 10 B 


7.1 




100 


6.01 x 10* 


7.6 




100 


5.78 x 10* 


15.7 




100 


5.47 x 10* 


16.4 




75 


3.51 x 10* 


1.23 




78 


4.35 x 10 5 


2.2 




80 


4.22 x 10* 


1.8 




80 


4.29 x 10* 


2.2 


£ttffl|19 


100 


5.71 x 10* 


16.4 


*J6#J20 


71 


4.16 x 10* 


2.1 




65 


3.54 x 10* 


2.3 




68 


3.89 x 10* 


1.7 




61 


3.23 x 10* 


1.4 


ni&m24 


100 


4.99 x 10* 


1.8 


MMM25 


75 


3.45 x 10* 


1.22 




100 


6.99 x 10* 


5.78 




100 


8.46 x 10* 


4.3 


HJ6W28 


100 


6.82 x 10* 


7.4 


Hlk0(29 


100 


6.74 x 10* 


7.6 


X1K0I3O 


100 


8.75 x 10* 


4.6 




100 


7.55 x 10* 


10.1 


mmms2 


100 


4.59 x 10* 


4.6 


^#S#J33 


100 


4.87 x 10* 


4.1 


*JS0!l34 


100 


7.12 x 10* 


5.8 




100 


7.74 x 10* 


7.4 




100 


2.33 x 10* 


1.2 


*lfe«37 


100 


2.55 x 10* 


1.1 


Hl£#j38 


100 


2.14 x 10* 


1.3 


HJS0I39 


100 


2.22 x 10* 


1.2 



[0126] ^4*9c# 
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09 No. 




m<m<o& 








(fll/ mm 2 ) 


(%) 




2 


3.65 x 10 3 


0.20 


Jt«082 


5 


9.56 x 10 3 


0.36 


Jt««3 


10 


1.10 x 10 4 


o:8 


Jt*«4 


16 


5.20 x 10 4 


0.9 




70 


2.92 x 10 5 


0.9 


Jt*«6 


68 


1.67 x 10 5 


0.8 


itttM7 


100 


2.89 x 10 6 


1.0 


Jtt&0!!8 


75 


2.83 x 10 s 


1.2 




67 


2.15 x 10 5 


1.0 




100 


2.25 x 10 5 


1.3 


ttMMll 


100 


5.58 x 10 5 


16.8 




100 


5.26 x 10 5 


18.4 


JtKMlS 


100 


5.31 x 10° 


17.2 


Jt»Ml4 


72 


3.37 x 10 5 


1.1 




100 


5.60 x 10 5 


16.2 


JtttWie 


75 


4.13 x 10 5 


2.2 




0 


0.00 


0 




0 


0.00 


0 


*¥##I3 


0 


0.00 


0 


Se*0j4 


0 


0.00 


0 




0 


0.00 


0 




0 


0.00 


0 



a : (i) mm^w^mmim^mir^m^<Dmy^m^<DW<Dit (%) . 

[0127] m4M% 
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00 No. 




(fl/mra 2 ) 


w<£*r 

(%) 




100 


7.01 x 10* 


5.06 




100 


6.92 x 10 5 


5.07 




100 


7.13 x 10 B 


5.32 




100 


7.15 x 10* 


5.33 




100 


6.83 x 10* 


5.12 


*i£#j45 


100 


7.00 x 10° 


5.00 




100 


6.34 x 10* 


4.99 




100 


6.99 x 10* 


5.01 


mmm48 


100 


6.84 x 10 5 


5.24 


HJ6#J49 


100 


7.12 x 10 5 


5.32 




100 


6.75 x 10 5 


5.66 




100 


6.88 x 10° 


4.35 




100 


7.15 x 10* 


5.44 




100 


7.12 x 10* 


5.40 


mmm54 


100 


6.90 x 10* 


5.00 




100 


7.12 x 10 s 


5.66 


HJfe#j56 


100 


6.87 x 10* 


5.06 




100 


7,00 x 10 5 


5.05 




100 


6.33 x 10 a 


4.70 




100 


6.75 x 10* 


5.20 




100 


7.03 x 10* 


5.24 


mmmei 


100 


' 6.95 x 10 s 


4.78 




100 


7.01 x 10 8 


4.99 


HJfe#J63 


100 


7.03 x 10 5 


5^20 


J£66#J64 


100 


6.87 x 10 s 


4.88 




100 


7.04 x 10* 


4.67 




100 


6.46 x 10* 


4.99 


mmme7 


100 


7.00 x 10* 


5.08 


HJ60J68 


100 


5.75 x 10* 


17.70 


3IJSM69 


100 


5.62 x 10* 


16.7 




100 


6.12 x 10* 


14.58 


2lJfS#j71 


100 


5.41 x 10* 


13.50 


nmmi2 


100 


5.64 x 10* 


16.7 




100 


5.72 x 10* 


16.80 


MWM4 


100 


5.66 x 10* 


16.44 



a : (1) mmzwtt mt®&mirzm®<DW/±&&i<Dm<Dit (%) „ 
[0128] (2) wmim m^rnm) 

£ :20 mm) l^LT, ^T^-OO^t^$r||J6LfCo Mf*$tet>> &«Of*& 

0 

1 0 1 
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* 

mg/cm 2 ) M $> tc 

[0129] ( a ) feui%wiz.&ftz>wi&nkm*.m 

[oi3o] siRxpM<D<gmmm&mn&x, w<D^m&&mtez>Mi&mikm&Mi8tz: 

lct0^^*^#V^t^^^ o Ni£7)^4^0.29fi*%W^ig^l6^«^'fb 
^*^75 mg/cm'-efet), Ni^ftLf&^mMffllXVMMikm^^Z&s RSS 
fcV M|g|ffl-ttfc3 0 ftot Ni^0.5fii%*^|i-r§(DdW*b<, 0.3Si%^Ti-T 

[0131] Si&U«w©^l:^lilS|nieS-e, #±ffi7G*<0^# Jc#&fc5^ft#40~60 

mg/cm 2 ^T^lt|{?W#d>ofeo r^^Mb-C, ^r±S37C^^0.05fi4%WTT\ S 
CD^#*^0.003— 0.02*fi%<D$5fflrt<^i£#!|42-~45, 49-52.&.t>*56— 59T*(t 
, Hft«^k**S45-95%^i«S<, m\M&&22 mg/cm 2 «T ' bltmh'J>%ti*ott 
o #±tS555R*S0.05afi%«T"efeo-Ct>, S©$*rg*J0.003Sfi%*?»X»0.02 
fifi%@<D^^j40 N 4U 46-48, 53-55&Ut60-m, AMft#ftflS*tf31~58% 

©mj^flfifflrt-eb, *±^7c5tf*0.05fiiB:%^Tfc«<o*s»*L<, S&0.003- 
0.02fift%ti-5W$T*LV \, 

[0132] (b) *D?lft?&*Plc*5ft5iii»ajMbttiWft 
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* 

9im g /cm 2 ^Tt^^, mm-r^mn,mm^mmmi-7^x<o^ox^^tz 0 mm 

MU 2> 4RTf5\3.miki&&&150'-~ 289 mg/cm 2 £||j660!ll~74,fc9^l,<#<, 

itrnttm^igox^^tco mMm^Rmnm^mMii^M^ 97^.^88 m g / C m 

[0133] SiS.t/WO^ft^(5(^|H|@^X\ Ni<D^W:fiaW£5^i£#Jl&tf 16-18£Jt 

■ 

atu uim.5mm^m±tcmMmi8Xitm<tu^mmg/cm 2 t-^mcmMCx 

[0134] ^|g0^OW#ft^OM^O5^^(D|fP^«^W(-^b$^O*\ #j$®Ht;o 

-eiSfcf£L7c^ ^^io^/#^M;^biooor3re#m£ii\ lO^MfctfU^, 

iai3{2||»j80FE-SEM^T*&!9> EH4«^5f5^ij30FE-SEM^T*fc^ 0 
[0135] 12132)^ lli£#!l8(DfWl?ra^ 

ffii33co^b^ffl]$ij$ttT*5t), &^^.i~^mitmmt/ut^cx^^^tm 

i3ilctt/l&^;U;5Dfl^tf s Jt^ 

131^j^J:9^Lfc?c^&5o 1* S r^#^fctt^ffifcJfc$&1310>ifcofclHS 

vvfev^-efcSo et±^^?), ^»j8-c«, ^Kic^<z>sft<ki4^^*sii^« 
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tift&iz.* umMwnnteMsix. crRxfMo$r&fti,x\wz&mt>bir , urn. 
[0136] z(D&?\mmm8kumfl3(DW®ffi&xte, wmwmm&±<W£<>x\<^ 

[0137] [*5] 



WO 2005/085488 



47 
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* 

0tJNo. 


^fc«S(mg/cm2) 


Aci 

CC) 




(%) 


800T: 
X 200 hre 


700^0850^ 




72 


77 


815 


810 


16.3 


mmw2 


66 


69 


817 


822 


16.0 


mmM3 


64 


65 


820 


831 


15.7 




58 


62 


842 


824 


16.9 




52 


54 


845 


835 


15.5 




45 


50 


840 


835 


13.5 




43 


45 


855 


850 


12.0 


mmms 


19 


21 


. 881 


863 


8.0 




21 


27 


881 


850 


2.6 




23 


25 


883 


841 , 


7.7 




20 


26 


879 


877 


2.5 


mmmi2 


22 


25 


877 


850 


2.4 




20 


26 


880 


880 


1.8 




19 


22 


882 


818 


1.4 


HJS0U5 


15 


23 


901 


799 


1.8 


mmmie 


75 


77 


813 


805 


16.0 


nmmn 


77 


79 


810 


801 


16.2 


nas^j is 


86 


98 


802 


780 


16.0 




35 


47 


897 


785 


1.0 


*J6#J20 


68 


69 


810 


808 


15.9 




64 


66 


807 


786 


6.5 




74 


76 


810 


801 


15.5 


#£j£#J23 


76 


79 


807 


800 


12.8 




36 


40 


840 


862 


12.9 


HJ£#J25 


17 


22 


891 


782 


2.1 


Hifif!)26 


22 


28 


879 


785 


4.2 




28 


35 


856 


861 


7.6 


2lJ6#J28 


24 


30 


856 


842 


6.0 


HJ60J29 


40 


52 


805 


794 


4.2 




26 


32 


863 


864 


5.5 




24 


30 


862 


870 


3.3 


HJ6W32 


26 


32 


852 


850 


2.8 




54 


68 


835 


788 


1.6 




22 


27 


871 


889 


3.1 


^i£^J35 


23 


29 


866 


901 


2.2 




27 


33 


860 


786 


14.9 




28 


35 


860 


792 


14.6 




33 


38 


856 


782 


13.2 


mmms9 


36 


38 


859 


783 


13.9 



[0138] ^5$c# 



t 
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0lJNo. 


gftffci#fi(mg/cm 2 ) 


t\Cl zk. IK* Av» 




rfj uail*r \J 


soot; 

X 200 hrs 


700t«=>850'C 




101 


172 


769 


700 


18.9 




85 


136 


825 


720 


14.1 


JfciR0ij3 


45 


49 


866 


740 


11.2 




40 


45 


869 


745 


10.0 


Jfc&#j5 


82 


91 


833 


736 


12.1 


Jfc&0lj6 


32 


43 


930 


748 


5.9 


vatmi 


25 


44 


871 


755 


8.7 


vam* 


24 


42 


870 


771 


9.4 


Jt(ft«9 


28 


44 


870 


769 


5.0 


JfclfcfcllO 


26 


42 


860 


775 


8.8 


JttfcMu 


33 


35 


879 


718 


0.8 


Jtttffll2 


65 


88 


843 


724 


0.9 


Jttfc#Jl3 


28 


35 


927 


711 


0.7 


J*(fc«14- 


92 


110 


796 


742 


19.5 


Jfcfifc0ijl5 


89 


101 


805 


. 708 


2.8 


Jt»0«16 


27 


34 


933 


737 


1.2 




150 


220 


725 


285 


17.4 


&&#J2 


91 


150 


804 


421 


18.2 




74 


97 


842 


671 


4.8 


t£3fc#j4 


117 


155 


856 


669 


7.0 


££*#]5 


220 


289 




508 


16.6 


££5fe0>j6 


65 


88 




588 


11.5 



[0139] $t58t£ 
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#JNo. 


$KbJ&fi;<mg/cm 2 ) 


(9r\ 




tern fort 

\ /of 


800*C 
X 200 hrs 


700 < C<=>850 < C 
jftiSL 




20 


24 


886 


815 


5.0 




19 


22 


877 


830 


6.0 


*«S«42 


18 


21 


888 


862 


7.0 


*JS#J43 


16 


19 


877 


906 


9.4 


HJSS0iJ44 


15 


17 


876 


921 


10.6 


SS1I50945 


17 


20 


884 


899 


10.0 


^#6^46 


22 


27 


885 


820 


4.9 


SJS0J47 


26 


32 


876 


813 


3.7 




19 


23 


876 


825 


4.0 


HJS0H49 


18 


21 


884 


847 


5.0 


HJ£#I50 


17 


20 


885 


872 


7.6 


JUfcfllSl 


16 


19 


887 


881 


8.6 


*JfeW52 


17 


21 


870 


868 


7.6 




22 


28 


874 


814 


4.3 


HJ£#J54 


28 


35 


887 


808 


3.3 


Hlfcfcl55 


24 


29 


877 


814 


3.7 




22 


26 


889 


831 


4.2 


3li&#il57 


18 


22 


881 


842 


6.0 


^J6S^J58 


18 


21 


886 


859 


6.2 




19 


23 


874 


840 


4.6 


3IJ£#J60 


26 


33 


878 


813 


3.5 




63 


78 


872 


799 


2.8 




51 


63 


877 


804 


3.0 




46 


56 


878 


805 


3.5 


JH2fe0»J64 


40 


48 


884 


804 


3.6 


^US#J65 


38 


46 


884 


808 


3.4 


HJKW66 


42 


52 


875 


804 


3.6 




71 


90 


891 


798 


3.0 


*J£0«68 


22 


26 


881 


880 


2.8 


H1SW69 


23 


26 


879 


885 


3 


HJSCT70 


35 


42 


878 


800 


1.4 




25 


29 


879 


810 


1.8 


^SSCT72 


26 


30 


874 


814 


1.8 


HJS0J73 


36 


45 


877 


801 


1.3 


mmmi4 


52 


65 


881 


785 


0.7 



[0140] (3)M*ML$H£ 

*PBMi^-f^(TPS?a^:150 < C, ±PStaS:840^ MfiS*S:690 t C-e % TRfi 
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[0141] m^AM 1 ^. m&m^) <Dum^^m5\^-r 0 mMmm^ntmrnmi-n 

-Ci3780— 921^^/V^V^^^^Ji^6ri4285-6711^^/V<t^ i ofCo 

[0142] ^5*^e>pj^^^{-> wsL^si^a^bfcf mm^i-^Mmi-74(Dmm}f 

Z> mm iC&ifZ>W<Dm-&Xi<Dm-ML}£ (Xi/Xm) ^S4.720^iSF!ll8Xi*||ftft^## 

^/^±tm^± 0 shimmy <DSi<Dm&Ym f mm ^it^smm^- 

YitDMAit (Yi/Ym) m.31<DmMMl9XnWiAWi0^785^^/VXh^>tc<DiZ 

[0143] mmt<Dm^mm^^m^t^mir^mm(Dm^m^mm<D75%si±xh 

Z>MM&\2~19, 24— 39S.I/40— 74£j!,<5<h, Hife^!l2— 19(D^*^#^«780— 
8801M;5VK §£&(S0!j24— 39<£>!?<Ag}#-fftJ3:782— 90HH^/K 31^^)40— 74(Dfi 
A^##«785-921-^^Vt, V>-f ^t^^^ofCo ffcIS5©fW^^W 

. ift*sf##^780-92if-^^^##-cfcofc 0 •stcmmmmnw^iRim 

<DmffiW2%Sl±X*&Z>m:MMl-U. 16, 18-21, 26-35&tf40-74tf>f£f&;t 
tt, Wft^S#^^ s 780— 921-^-t'^/Vi:S#^-Cfcofc 0 
[0144] Si^tAV^^^-ffi^^^^^-C, Ni^^Wfi^ s ^5^J£^Jl<k«0iJl8<!:$r 

^^t,Nm^m&^o.5m&%^m^mMmi8<Dm^m0'^m8o^4^/i' 

•C, Ni^*U^V^^Jl(DBm^#^(810-y-^^) J;i9Mv>ri^^^ o £f c 
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PCT/JP2004/016610 



O.5fi*%*«^5OdS0*b<,O.3mi%«Tti-5©*s«J:O«f*U> o 
[0145] Si&tfW0>£**tf*«f3:PI;ggtT?, Cr©$**3^|^53li6«(!lli5Sat«21iS: 
Jt«i-5fc, Cr©frtr*#0.3M*%ftjfi*.S«[«2ir4, Cr«r&#L*V*2EJfi0!ll 



W20<Dfflf 



[0146] WCO-g-^rS^l.21— 1.50%<bf£#I^T\ MoW&^Ti^O— 4.4fi4%Wttffl»w 



^810#^/^^861i^-<^*-C3fc#$n5*i:^ : 9-55^ o L*»U Mo^5.5li% 

*^5.5fiS%WT^W*b< % 4.5fiS%^T^<t«?*f*UV\ 
[0147] W<7)-g-#4^2.64— 2.92l:a%0$5ffl-C > CuCD^fi;$W£52S;!&#!l30— 32$: 

0.13— 6AMM%<OCu<Dl£ftfc£9f&MM&$l&850— 870lM^£:g 
V^£/$S#7^5o L*^L6.lMa%(DCu^*i-S^^!l32<D^>i-{t x 3.5SS% 
OCu^^5ll^^y31(D^>ti^l^ft^#^^^^^rUfc 0 *fc^^J 
33cDi5{-CuO^*^6.8m*%^^i,^ft^#^^788f--f^/V^{STbfe 0 

[0148] W<D-^Wfi^3.12-3.33m*%<^^0>J34S.035-e{i, Co^m^mMM 
0^^889— 90HM^Vi, CoSr^UftV ^^J£#lj8W863f--r^/Vct<9^$f-efeofc 

[0149] (4) A 

CI 

' »0iJl-74, it^Jl-16S.^^l-6<D#Rtt^-W>t-(il:^:5 mm, g£ 
:20 mm)£, B^W^fK^^lM^^TMA^OOOS) \Z.£<9^ 



CI CI 
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ci 

Cl 

[0150] mMMi-u<D&mK<D?ib^A ^mM.m^x:^±(DU,m>iit.782-i-4^sx± 

ci 

t«V^^#^$r*LTV^c 0 l,frU U&m'iV&.mfttt. A ^fgL£^840<C± 

Cl 

[0151] si%.xFw<D-gm&tfm£mm&x\ n\<D^mmf^Mmmitmmmi8t^ 

Cl Cl 

[0152] SiS.tAVW-g-#a^^t^l^S^-C% CrW^fi^H^^^(jii^^]21^ 

X<0A ^^^iS/i^ofCo CrO^*^0.29M*%(D^ifeF!)20-e«, A 
ci ci 

,Cr^0.3m4%WTt-t-5O^$f^LV\ . 

[0153] (5)$Wtf 

HJ£0!ll-74, lt|55^Jl-16S.^^!jl -6^4-8- WK'OIS Z 2201) {^LT 

-To 

[0154] W<O^S^n5.22MS%»it^llO^>lt(iM#W0.8%t{£<, W©t 

^s^n4.7ms%<D^jg^ji9o^jt«^?a#^u.o%T*fci9, wo-gr#ft^ 

9.56mft%W^^J13(O^K-(t^?a#^^n.8%^fe?),W(0^ffl^4.83Sffl: 
%<7)^iiS^Jll(OK^>>tfi?ir?a#^^2.5%-Cfoo/c:o ^Oi^t-WcD-^^fi^lOfi 

i%«r, #{c5fiffl:%^To#-a-, l.sro^ico'ffi's^^a^T^^o 

[0155] NbRTfB(D<£ft\Z£Z>W WMtt^ZtztbiZ^ NbRTf/XteB%^m-fZ>M 



WO 2005/085488 53 PCT/JP2004/016610 

[0156] Si + (2/7) W*S8.76-e&5HJfe^l4«)^'ta#t^ttl.4%-C*)«J, Si + (2/7) W^7.38 
T?&5HJS^I130^?t#tJ ? ^1.8%-e$>?) > Si + (2/7) W^6.03-e&5HJ6Wl5O?{r 

?a#vrii.8%"T?&«3» si + (2/7) wmmx*h%mMMn<Digmi¥x$m.5%x*$>'o 
tz 0 z.tit><Dztfrb. si + (2/7) w&8&Tx*hti&nm*mn.8%£i>±tti:*). * 

tcSi + (2/7) W*S6£AT*C*>tl/tf^?a# W2.0%^±ift5;i<^#/^5 o 

[0157] Si&tfwro-a^astsii-piigffi-e, Ci^#*#J*ft5^«lWfel60i21&5: 
lt«Ei-*t, CrO-^W*^0.3fifi%^^5HWJ21«, Cr&^#LfcV^Jfi0ai 
£t)^M#tf#M&^ofc„ Cr(^^fi^o.29fi4%0||^!]20-C}ia?a#0 ; ^ 

15.9%-e$><9, Cr^#l^V>2SJftWl£W&V^ ^ffl-Cfc5o &oT % Cr 

%0.3fi4% WT<b-r^<^^*bV \ 
[0158] Si&tflVfc>-£*T*as»ai3:E)|Ifite* flr±tg7C*<D^f*J|*S^«:5||lfeW40— 60 
t^WJ61-67^it|^i-5t,^±^^^0.05a4%iSrj@^5«^161-67-C 
fit, SOif<D^*ft^^</Vt*t>, ^^^b^^20-28%t{S<, ^®#^S2.8- 
3.6%iit^^7i^fc 0 ^tK-MbT. %i±MKmft0.05m&%SXTX\ s<D^m 
S^0.003— 0.02Mft%CD$aHl^I(D^^!]42— 45, 49— 52^.1^56— 59Ti*, H#& 

«^^45-95%£ji5<, ^ffl#^4.2-10.6%fcJt«6«lJiS*»ofc, #±3S7G 
*^0.05mS%WTT*feoTt>,SO-&*l:^0.003Mfi: 0 /o*^X«0.02mfi%® 
»mfe^j40, 41, 46—48, 53-55S.W0-C«, li$&ifcfcfbs£;&S31-58 0 /ot{£<, * 

nw^xizmwxfhM-G.ovotit&mm^tco tEo-c, *wmms$$mft 

Xh. #±«7C*«tf.05M%E*Ti-f 3©J&S#*LC S£0.003-0.02S*%£-f 

[0159] mi&m8(D&mKicMLxmx;t£&v%5\mm l m&fti'\ ymmfczm^tco * 

<D$g^ 400 < CW#t^(47.0%-C*>«9, 8.0%©gIjWJ:0^ffiV^©(D > 



WO 2005/085488 54 PCT/JP2004/016610 

[0160] HJ&0II75 , 
HI 1 7 fcttlfcWt^^a^;/— J^^Jlvl'K 1 5 1 &MMM9<DWl%m8i&R V ^Cj* 

[0161] iiL?U4^ClgiT?#MeC*2000 cc(D^'t4tg^yy^^^5r^b/c#^v'5:^^— 

-7~7jvwKi5i<D^®f&g£f2 % ft^isic-e^o'C-efcofco 

[0162] Ell7K?Trr MMW5?>=z*^~- ^W^Jfc/vKlSlfckt, 890i^-f^VC^ 

Wl51bt^^7^Si5151a<D^#gP(v:rX^/J^ft^l7^^bfc 0 L-J&»U *SfU: 

^mo^^^^ii^^-^^^isic^fi^^^^^^^a^^o^^^ 

[0163] «0tj76 

WfefcbUX-eo^^-g-feJ&A^ofc, ^«B^j76©3idr>'-^h-v^^/VKl51iSr^^ 

^h'i5i<DmmmMttmMm75iim^h-otco w^w*<oj$*, «0"!)76^^ 



WO 2005/085488 55 PCT/JP2004/0 16610 

o 

[0164] 

#^^v-*fcjjyi^tt«\ HJ6fif!l75t^l-*#-C»^W»SrlllfiLfc. 

[0165] $££098 

^tt&a»ofco xh-^=-*/vKi5i(o*ffi?aa«llife^75t 

KlSlKltt, ^l : 151bi:^#77^v ? §|5151acD^#^^^t^^ 
[0166] 10 

■ 



WO 2005/085488 56 PCT/JP2004/016610 

[0167] men, MMW5Rm6, $k.mz.%MW7~ lOO^^— *h^=3Jvl'KO*.g{3B 
[0168] [fg6] 



#JNo. 






75 




890 


mmm 76 




952 


&3fe#j7 


«#!|3 
9-87796 


435 




t£*0!l6 
(^W-^h D5S) 


558 


vtxm 9 


$£5fcM 2 
(Hi-SiMo) 


203 


10 


t£3fcM5 
(^l^* h D2) 


492 



[0169] ±m<DMy.#wM<DMf&ffimfrbt£%^*^-xh^~*/^i-t, mmfc&Rx? 

• 

• 



WO 2005/085488 57 PCT/JP2004/016610 

[I] m$&Z%m~fZ>Wif&ffimX*hoX. fi4Sp-CSi:3.5-5.6%&tAV: 1.2~15%£ 
tttmm cfOWOmafiJ-^XiCOit (Xi/Xm) &S^}LX~&%^b%W®Lti-Z>WiWM 

^ma^mm^^smmmm^yi'Dit (Yi/Ym) ^Ls^ji-efeSw^^^i-r^iffif 

[4] ft^l-3C0V^-f^^(CfE«c<Z)»^^(C*DV^-C. **^-CC: 1.5-4.5%,- 

Si:3.5— 5.6%, Mn:3%^T, W: 1.2— 15%, Ni:0.5%3cfi5§, Cr:0.3%WT, 
mtyvm : 1.0%^T, ^^^®W^Fe^0^^»^^^i^^^m^*i-S 

[5] fit^l— 4CDV^-f ^^C|Ei?(D^^(CjoV^, $e>[C0.003-0.02M4%WS 

^^0.05fi*%^T^^±^7c^^^"i" ; 5-t^1IS:i:i-§W^^ o 
-0.2Mi%OMg^*-r§^«b^#m^5iffif^^ o 

[7] m#m-6<D\,^tiMzm$.<DMmffimz&\<^x, m&mmxsi + (2/7) w^s 

[8] fS^l-7(DVN-f ^^CfB«(7)iiSfB#^^ioV^, $^{C5.5m*%^T^Mo^ 

[9] fS*^l-80V^^^Cfe«<DWB^^VNT v $b(C6.5Sfl:%^T^Cu^ 

[II] M^l— lOOV^tu^^sE^oftflft^tc^v^T, $^(C1.0Sfi%^TONb 



WO 2005/085488 58 PCT/JP2004/016610 

[13] ti(pfcgci-i2<^-f *iMz.mML<DMwm®ifcte^x, ^y^^x^mta^tcm 
[14] ft*Jii-i3wv>-f tiwz.mm<DBm®m^^^x. zo^hzx: /9f(n>m%.x 

Cl 

[15] m&m-i4<D\,^-rtifr\z.mm<Dwimffimz.j3^x, soot^^c^^ooNHio 
[i6] it^i-i5cDv>-f ti^Km^mBmm^^^x, ±mmm84ov. wLBtmrn 

[17] MIEff^^l-16<DV^i s tb*MCE*0^»^^^^5^<b^#mt-r5^^ 

[is] mim.mzMWL(DmnMn^\^\^x. a??^— 

^—^W^?, ^_ 7}?^-^— ^c^/— ^^dr>/_ ^h-^-T^/VK, 

[19] 800 c C^^MST^ffl-r5^^lf|3D B D-efco-C, MAMmXC : 1.5-4.5%, Si 
:3.5-5.6%, Mn:3%^T, W: 1.2— 15%, Ni:0.5%*M, Cr:0.3%^T, 
mtycm: 1-.0%£*T, Si + (2/7) W^8, mUMW^FeRrJ^ »im&)7FMV0frb 

h , tfiiEiii&iMfEMt og£# tcw,s.tf si^teufc f ^*i-^m^?r# 

Cl 

840 < C^±t?fc«9, ^^o±PSMS840 < C, mra"l'I690 < C^.^^:^0.25(D^-CAP 



WO 2005/085488 59 PCT/JP2004/016610 

[21] m&moicmm<Dmu^&izm^x. ittriexi/xm^ioju ±x*h%z.bz&wt.b 

[23] ft^^22{Cfe«^D#^^^p r ^,^*3V^-C, itfffBYi/Ym^2.0^±T-fe5^£^&i 
[24] tt*^19-23<Z)VN-ftL*^rIE«c(D#^C^^p 0 p^*5V^, 800^05*:^ ti200R# 

[25] M*^19-24(DV^f K tV^Mi|E*(D#^^$|5p C B^*3V^-C, MAMmXC: 1.8-4.2 
%, 51:3.8—5.3%, Mn:1.5%^T, W: 1.5— 10%, Ni:0.3%^T> Cr:0.3%^T, 
JW^frfb5u*: 0.01-0.2%, Si + (2/7) W^8, ^gPHff^(CFe&OTWj^^^ 

MW^^5ia^w-r5-i:^#mt-r5#^ifi3p R Po . 






56 57 54 . 52 3 |im 



3/11 

WO 2005/085488 PCT/JP2004/016610 



[06] 

61 

/_ 




5 nm 



WO 2005/085488 



4/1.1 



PCT/JP2004/016610 



[08] 



(A 
O 



-S 

c 

3 
O 

o 



1000 



800 - 



600 - 



400 - 



200 - 



OBOI 




8. 00 20. 00 



40. 00 60. 00 

2 9 (deg. ) 



80. 00 



100. 



WO 2005/085488 



5/11 



PCT/JP2004/016610 



[09] 



Si(*S3Efc) 

W 

Mo 

Fe 



00 

Q 



20 



18 



16 



14 



12 



10 



8 



6 




1 



95 



90 



85 



- 80 



75 



70 



65 



60 



- 55 



Q 



50 



10 15 20 25 30 35 



EM (nm) 



WO 2005/085488 



7/11 



PCT/JP2004/016610 



[[2111(a)] 




10 \xm 



[EI 1Kb)] 



WO 2005/085488 



[012] 



8/11 



PCT/JP2004/016610 



(a) 



(b) 




113 




[Hll 3(a)] 




• !*» • 



-2> 




WO 2005/085488 



9/11 



PCT/JP2004/016610 



[013(b)] 

131 133 138 




100 |im 



[12114(b)] 



141 143 




10/11 

WO 2005/085488 PCT/JP2004/016610 



[015] 




155 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/016610 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 C22C37/00 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C22C37/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroicu Koho 1996-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 
A 



X 
A 



Citation of document, with indication, where appropriate,, of the relevant passages 



JP 55-134153 A (Kanto Tokushu Seiko Kabushiki 
Kaisha) , 

18 October, 1980 (18.10.80), 
(Family: none) 

JP 58-104154 A (Goetze AG.), 
21 June, 1983 (21.06.83) , 
Claims 

& US 4435226 A & EP 80590 A2 

& DE 3147461 A 



Relevant to claim No. 



1-16 
17-25 



1-16 
17-25 



| | Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



* Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(3) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
"P" document published prior to the international filing date but later than the 
priority date claimed 



ut n 



umf> 



"V* later document published after the international filing date or priority 
date and not In conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X n document of particular relevance; the claimed Invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

M #* document member of the same patent family 



Date of the actual completion of the international search 
07 February, 2005 (07.02.05) 


Date of mailing of the international search report 
'08 March, 2005 (08.03.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile — 


Authorized officer 
Telephone No. 



Form PCT7ISA/2 10 (second sheet) (January 2004) 



